This study intends to analyze not only technical efficiency and technology gap but also productivity change and productivity gap in thirty one provinces in three regions of China for 1995 through 2008 adapting meta-frontier model. Also, we decompose the productivity into technical progress change and technical efficiency change in order to check a main component to the changes. We found that the group technical efficiency (or productivity) and meta-technical efficiency (or productivity) of provinces are different from each other. With respect to the meta-frontier, the eastern region shows the highest levels in terms of productivity as well as technical efficiency. Regarding the meta-productivity change, the productivity declines in the central and western regions have been mainly led by the drop on the efficiency change while the productivity growth in the eastern region has been driven by the technical progress. Lastly, by applying the meta-frontier, we found a very important fact that there exists a difference between the group-frontiers and the meta-frontiers, which implies that we may give wrong information and distort a reality with the group-frontier when measuring the technical efficiencies or productivity changes.
Introduction
According to the World Bank, Chinese GDP in 2009 is $4,991,256.2 (in millions) representing its annual GDP growth is 9.2%. Since China's economic reforms, it has become the world's second largest manufacturing country, recording its annual economic growth rate at approximately ten percent over three decades. In July of 2011, the World Bank Group reclassified China as an upper middle income economy and they expected that it would join the ranks of the world's high-income economies in twenty years [1]. China's torrid growth for the last several decades has been mainly driven by foreign trade and investment. However, it has caused imbalance of trade as well as inter imbalance between investment and consumption. In addition, China has been confronted with difficulties such as electricity generating capacity and clean drinking water supplies, air pollution, and regional inequalities, which impedes its sustainable development. Recently, regional competition has become the main source of its national competition since organizations at the regional level have emerged as core economic units. As a new paradigm, the balanced development of national territory can provide an opportunity to maximize the national competition by promoting potential power of regional development. Therefore, China can solve not only national unification but also the nation's competitive power by a balanced development among regions. In general, the competition is influenced by various factors such as the prices and quality of products. When it comes to the efficient use of resources, technical efficiency and productivity are included in one of indices representing the competition. The technical efficiency measures the relative ratio between a maximum output and an actual output under the given inputs. Hence, the efficiency increases when either utilizing the minimum inputs to manufacture a certain amount of output, or generating the maximum output from the certain amount of inputs. Productivity not only measures the amount that was produced but also the ratio of output produced to the inputs used. In the past, total factor productivity (TFP) based on growth accounting was widely used for analyzing productivity since it could overcome the limit that partial factor productivity is incapable of measuring the productivity of each production factor exactly in spite of its easy accessibility. However, Malmquist total factor productivity index has been often applied to estimate the productivity of decision making units (DMUs) lately. Whereas growth accounting method has a limit that it cannot estimate efficiency change although it can measure both TFP change and technical change, Malmquist productivity index can measure the efficiency change, in addition to TFP change and technical change. The latter productivity index is based on frontier analysis, and classified into data envelopment analysis (DEA) and stochastic frontier analysis (SFA). While DEA measures the relative efficiency of a certain decision making unit by comparing each decision making unit with best-practices, SFA measures the relative efficiencies of decision making units by estimating frontier function. The former method is a non-parametric approach to the production theory, and it can be more suitably applied for measuring the efficiency rather than the parametric ones, as long as the basic assumption is reasonable. SFA was first developed by two papers almost simultaneously. They are Meeusen and van den Broeck (MB) (1977) appeared in June [2] , and Aigner, Lovell, and Schmidt (ALS) (1977) appeared a month later [3] . The ALS and MB papers are themselves very similar. Førsund, Lovell, and Schmidt (1980; 14) wrote that "the main weakness of the stochastic frontier model, mentioning that it is not possible to measure technical inefficiency by observation [4] . However, Jondrow, et al. (1982) (JLMS) provided estimates of the technical inefficiency of each producer in the sample [5] . The possibility of obtaining producer-specific estimates of efficiency has greatly enhanced the appeal of SFA (Subal C. Kumbhakar & C. A. K. Lovell, 2003) [6] . Pitt and Lee (1981) [7] and C. Cornwell, et al. (1984) created the techniques to panel data using the maximum likelihood, and both fixed-effects and random-effects methods [8] while Battese and Coelli (1988) [9] , Atkinson and Cornwell (1994) [10] , and Lee and Schmidt (1993) [11] assumed time-invariant efficiency. Later, Kumbhakar (1990) [12] and Battese and Coelli (1992) [13] provide time-varying technical efficiency concept.
DEA was introduced by Charnes, Cooper, and Rhodes (1978) [14] Wade D. Cook and Joe Zhu (2005) [15] offered a practical method to the cost allocation problem, extending the Cook and Kress (1999) [16] , and pointing out that the previous approach cannot used directly to determine a cost allocation among DMUs. However, rather to examine existing costing rules for equity. Lea Friedman and Zilla Sinuany-Stern (1998) examined scale ranking using the DEA, combining the ranking approach with stochastic DEA [17] . It was an attempt to bridge between the DEA frontier Pareto Optimum approach and the average approach used in econometrics. Asmild and Hougaard (2006) estimated the efficiency of pig farms in Denmark using DEA under variable returns to scale assumption [18] . In Taiwan, Assaf, Barros, and Josiassen (2010) estimated the efficiency of 78 hotels in the country [19] , and Chen, Huang and Yang (2010) measured the cost efficiency in the firm level across the country [20] .
In this paper, we analyze the technical efficiency, technical gap, productivity and productivity gap among Chinese provinces empirically, adapting meta-frontier concept [21] . The concept of the meta-frontier has been used to compare the technical efficiency of observations which are in different groups such as industries, regions, or countries. Hayami (1969) first defined an idea of the meta-frontier by meta-production function to measure the causes of agricultural productivity differences among countries [22] . Later, Ruttan (1970, 1971 ) generated the meta-production function [23] [24] [25] . Battese and Rao (2002) first introduced the concept of the metafrontier to measure the technical efficiency and technology gap effects separately, using stochastic frontier analysis (SFA) and the data envelopment analysis (DEA) simultaneously. Jemaa and Dhif (2005) also estimated them in 12 MENA (Middle East and North Africa) region's countries, arguing that wars and civil conflicts are restricting agriculture accomplishment in terms of technical efficiency [26] . Rngsuriyawilboon and Wang (2007) estimated the agricultural productivity of 28 provinces in China by separating it into technical efficiency, technical progress and scale efficiency using the meta-frontier, finding that labor and fertilizer play an essential role in output [27] . O'Donnell, et al. (2008) suggested a basic framework to define the meta-frontier and an empirical instance of the meta-frontier model through the parametric method as well as the non-parametric method using agricultural sector data [28] . Chen, et al. (2009) analyzed the regional productivity growth for 1996-2004, separateing in inland provinces from coastal provinces, and investigating regional disparities based on productivity [29] . In Korea, Sang-Mok Kang, et al. (2009) estimated the technical efficiency and technical gap of strategic industries of Busan using meta-frontier based on DEA. Our analysis investigates the technical efficiency, technology gap, productivity and productivity gap of Chinese provinces for 1995-2008, introduceing the meta-frontier model of Battese and Rao (2002) [30] . There are some studies to estimate the impact of education performance using SFA (Denny, et The empirical result indicates that the hotels in the five groups vary significantly in the operational efficiency, and implies shifting knowledge from the hotels at the higher rate of the efficiency to the hotels at the lower rate of the efficiency might be helpful to increase the efficiency and competitiveness [34] . As we mentioned earlier, it may create a bias when adopting the typical frontier model due to investigating thirty one different provinces within three areas (eastern, central, and western) that may not have the same technology within a country. However, if we comprehend the frontiers of regional economies, it will be advantageous to compare the relative advantage through meta-technical efficiencies and meta-productivities. In addition, we decompose the productivity into technical progress change and technical efficiency change in order to estimate determinants of these changes. Hence, with respect to measuring Chinese regional productivity, this study differs from the existing ones, in terms of adopting the meta-frontier model based on DEA. The remainder of this paper is organized as follows: Section 2 explains a theoretical model of the meta-frontier. Section 3 presents the empirical results, and Section 4 provides the conclusion.
Theoretical Model
When explaining the theoretical model, we will explain not only the measurement of the group technical efficiency and the meta-technical efficiency but also that of the group productivity and the meta-productivity, after introducing the relation of both technology cases.
The Relation between Group-Technology and Meta-Technology
Simply being efficient means reducing the amount of wasted inputs, however, technical efficiency means the capacity of decision making units (DMUs) to produce outputs by employing the minimum resources, and the measurement of its efficiency is based on the distance function theory. Let us assume that production can be produced during the periods, 1, ,
and define x ∈ R + N as inputs, y ∈ R + M as outputs. Let us consider that the production function, L(x) is as follows:
The production possibility set L(x) is the set of an input vector and an output vector and it produces the set of output (y), which can be produced from inputs, (x). The A in equation (1) means technology, which is a means or the activities transforming given inputs into output. We define the entire regional technology as the meta-frontier. For example, if the random output, y, is produced using given an input vector, x, in a certain region, (x,y) belongs to the meta-frontier, A * . This means A k including the random production point, (x,y), belongs to the technology in a certain region, is a subset (the group-technology) of A * . It is defined as follows:
Equation (2) satisfies the necessary technology axiom since the sub-set satisfies a technology axiom. Alternatively, meta-technology forms the meta-frontier includeing these technologies through a convex combination of the technologies in those certain areas. Hence, the metatechnology means the existence of technology (A * ), which takes precedence over all technologies. Each production unit belonging to the region, k, is produced under
In this study, we will use the directional distance function. It provides an advantage in that it can give an increase direction (+) to output. This is defined as follows:
max :
In Equation (3), λ indicates the concrete level of the directional distance function. When 0 < λ, it is inefficient since the observation locates within the frontier. λ represents the level of the output which is extendable on the basis of a point on the frontier to reach the maximum output from the real output. On the other hand, when λ = 0, it represents being efficient as the observation locates on the frontier. The directional vector, g, gives the direction to the desirable output; here, it gives an increase direction (+) to the output.
sup :
Equation (4) is the meta-directional distance function and integrated with the group-frontiers. The relation between the meta-directional distance function and the group-directional distance function can be expressed as follows:
Equation (5) derives from the fact that the output set of a certain region is a subset of the output from the meta-technology. That is, the technical efficiency of the meta-directional distance function is the same with the frontier or it can also be relatively farther away from the group-frontier compared to the technical efficiency of the group-directional distance function. When a sign denotes inequality (<or>) in Equation (5), it indicates there is a technology gap between the group-technology of k and the meta-technology. The technology gap can be represented as follows by using the technical efficiencies based on the group-distance function and the meta-distance function.
The technical gap of Equation (6) can be estimated by the relative ratio between the two technical efficiencies. Equation (6) can also be represented as a multiple of the group-distance function and the technology gap.
Measurement of Group-Technical Efficiency and Meta-Technical Efficiency
Typically, the distance function can be measured by using a linear program. If we suppose that the observations in the regions, produced, the output, y m , the linear program of the group-production unit, k, of an group-technology set, A k , is defined as follows: 
Equation (8) shows the conditions of maximum output and minimum input integrating group-frontiers. Here, Ф is the actual value of meta-frontier distance function. The meta-technical efficiency becomes farther away from the meta-frontier since it is much more extended than the frontier in the case of measuring production units with respect to group-frontiers.
Measurement of Group-Productivity and Meta-Productivity
The directional distance function can be defined in the period, s, and the period, s + 1, respectively, and it can be used to measure the technical efficiency in each period. This directional distance function can also be utilized for estimating the productivity change. This study also intends to compare and analyze the general productivity (Malmquist productivity: hereafter MP). The productivity growth based on the directional distance function can be estimated by using Malmquist productivity index, developed by Färe, et al. (1994) . The productivity change index, MP, can be derived by using four directional distance functions in two different time periods: the directional distance functions in the time period s and s + 1 respectively, from the perspective of time period s technology, and the directional distance functions in the time period s and s+1, respectively from the perspective of period s+1 technology. This is derived as
The left side of the restricted conditions in Equation (7) corresponds with the maximum amount of output and the minimum amount of input, the right side of the restricted conditions corresponds with the real amount of output and the real amount of input. Z k is a weighted density vector. A non-negative density vector indicates that the production technology is constant returns to scale. λ gives the concrete value of the directional distance function as the technical efficiency of the directional distance function and has the value from zero (0) to one (1). In Equation (7), the optimal solution can be acquired when the output has the direction of g{x, y (1 + λ)}. 
Within the left side of the restricted conditions, each group-observation vector of the input and the output is combined with each weighted vector, and it forms the maximum amount of output and the minimum amount of input. The right side of the restricted conditions corresponds with the real amount of output and the real amount of input, respectively. On the other hand, the meta-frontier is formed by on the pooling data integrating provinces within each regional economy in China. The linear programming of the meta-frontier is represented as follows:
In Equation (9), g is the direction vector. If the productivity change index, MP, is less than one (1), it means a decline in productivity between the two periods. If the productivity change index, MP, is greater than one (1), and it indicates an increase in productivity between two periods. As stated before, Malmquist productivity index can measure technical change as well as efficiency change, then MP in Equation (9) can be divided into efficiency change (EC) and technical change (TC) as in Equation (10) . , :
, :
In Equation (10), the first term and second term of the right side mean the technical efficiency change (EC) and technical progress change (TC), respectively. EC is the ratio of the directional distance functions between the two periods, representing whether or not the production is closer to the point on the production possibility curve over the different periods. On the other hand, TC is the geometric mean of the possible production amounts under both x s and x s+1 , indicating technical innovation or technical progress change.
Similarly, the meta-productivity change index can be derived using the meta-directional distance function as 
By the same token, Equation (11) can be also divided into efficiency change (EC) and technical change (TC) as in Equation (12) . , :
, : 
Equation (13) shows the meta-productivity gap based on the meta-directional distance function, which is defined on the basis of the meta-frontier. The productiveity gap can be defined by both the productivity change index based on regional frontiers in Equation (9) and the meta-productivity change index in Equation (11). 
The meta-productivity change can be divided into the group-productivity and productivity gap. The value of the productivity gap can be either less than, or greater than, one (1). That is, since the productivity change is intended to estimate through two different periods, the meta-productivity change can be either less than, or greater than the group-productivity change.
The relation between the group-frontiers and metafrontiers, the group-productivity change, and meta-productivity are shown in Figure 1 . In Figure 1 , we assume that there are only two group-frontiers for the convenience of explanation. We can measure group-technical efficiency based on the group frontier for each first time period (s), respectively, and derive the meta-frontier enveloping the two group frontiers.
Measuring technical efficiency with might differ from measuring it with group frontier. Likewise, the metaproductivity change can be estimated on the basis of the meta-frontier for the two time periods.
Furthermore, general productivity change can be measured on the basis of the group-frontiers between two time periods. The two productivity changes can show which frontiers are farther extended between a groupfrontier and a meta-frontier for the two time periods.
Data and Empirical Result
In China, the statistical data of inputs and an output are available from the Chinese Statistical Yearbook. We used the data of inputs (labor and capital), an output (added value) of thirty one provinces within three local economies in China during 1995-2008 [35] .
The capital stock of each province in China was estimated by accumulating new investment data through the perpetual inventory method, which is based on the investment of fixed assets from Chinese Statistical Yearbook. Here, the initial capital stock was estimated by using new investment for initial certain periods and the average growth rate of initial new investment, as in Young (1995) 1 . As in existing studies such as Young (1995), we used a depreciation rate of 6 percent. Table 1 shows the group-technical efficiency (GE), the meta-technical efficiency (ME), and the technology gap (TG). When it comes to the group-technical efficiency, the average of the whole China is 0.900. Among the three regions, the central region represents the highest level (0.937) while the eastern region is 0.903 and the western region is 0.874, respectively. Taking a closer look at this, in the central region, Heilongjiang shows the maximum efficiency, 1.000 whereas Shanghai shows the The estimation formula according to the perpetual inventory method is as follows:
in which K(1) is capital stock in the 1st term, I(1) is new investment in the first term, δ is the depreciation rate, and g is the annual growth rate of new investment in the five initial years. Therefore, constant capital stock is calculated by the following formula: 2) The efficiency is efficient if it is zero, however, we use its reciprocal in order to avoid confusing it with the value of productivity (the efficiency has the value from zero to one, and it shows being efficient if it is one in this table). maximum efficiency in the eastern region. In the western region, Guangxi and Xinjiang show the maximum efficiency. Regarding the meta-technical efficiency, however, the average of the whole China is 0.790, dropping sharply compared to the group-technical efficiency. Among the three regions, the eastern region shows the highest level (0.902), while the central region is 0.851 and the western region is 0.647, respectively. As we have seen above, in the eastern region, Shanghai still shows themaximum efficiency, 1.000, in terms of the meta-frontier. Meanwhile, there is no region showing the maximum efficiency in both the other regions. It is interesting that even though Heilongjian, Guanxi, and Xinjiang in the fringe regions are exactly same with the maximum efficiency when it comes to the group-technical efficiency, the technical efficiency decreased relatively when it comes to the meta-technical efficiency. Therefore, we see that the provinces in the central region are outstanding in terms of the relative technical efficiency under the group-frontier, the technical efficiency, however, decreased a lot under the meta-frontier that integrates the entire three regions.
As Table 1 represents, meta-technical efficiency is lower than group-technical efficiency, on average, in the three regions. However, the gap between the grouptechnical efficiency (0.903) and the meta-technical efficiency (0.902) in the eastern is the smallest level among the regions, and then its technology gap (0.999) is almost one (1). The technology gap shows how far the groupfrontier is from the meta-frontier; if the technical gap is one (1), it indicates that the two frontiers are the same.
When it comes to the technical gap, while the whole eastern region shows 0.999, the central and western regions show 0.909 and 0.741, respectively, indicating that the frontier of the group-technical efficiency in the eastern region is much closer to the meta-frontier and the remainder regions are farther away from the me efficiencies of the provinces in the three regions, almost all provinces in the eastern region have a comparative advantage, while no region shows an advantage in the other regions. We believe the reason most provinces in the eastern outperform those in both other regions is due to various factors, such as developed industrial infrastructure, intensive industrial clusters, sophisticated production facilities, and strong government support. The welldeveloped industrial infrastructure has contributed to the eastern region's significant development combined with adequate transport system. And this advantage has made it easy to access natural and human resources. The clusters where resources and competencies have been concentrated to produce a competitive advantage in a specific industry have been promoted and are predominantly located in the coastal region since the early 1980s. Even though there are some clusters going over other provinces, coastal area has become famous for their particular industrial advantages. The eastern area has experienced highly sophisticated production facilities through foreign invest and technical cooperation with foreign partners 2 . This factor has been also important to improve the rapid development of the eastern region. In addition, the government has continued to support this region administratively and financially. Especially, government expenditures on education, public service and R&D, compounded with so-called preferential policies, have promoted the regional technical efficiency dramatically.
Even though the central region has recently pursued the rapid economic development with a large stock of physical capital, it does not seem to overtake the eastern region which has been advantageously positioned for high-tech industries with a variety benefit from FDIs. In addition, although the provinces in the central region are outstanding in terms of the relative technical efficiency under the group-frontier, the technical efficiency decreased a lot under the meta-frontier that envelops the entire three regions. Hence, with respect to the groupfrontier, it can lead to distorted estimates of efficiency scores. Meanwhile, since the mean efficiency of the western region is particularly low, this area needs not only to facilitate knowledge diffusion within region but also to adopt the advanced technology from other regions, especially from the eastern area in order to improve its efficiency score and reduce technology gap. Economic and technological cooperation and joint development between two regions also need to be strengthened. Moreover, utilizing its own advantages such as abundant 2 The eastern region has received the most benefit from FDIs (Foreign Direct Investments) since 1978 while the western region has gotten the least befit from that. FDIs have provided the eastern area with an exchange of skill sets, information and expertise, job opportunities as well. Table 2 shows the productivity change and the prouctivity gap of thirty one provinces in the three regions natural endowment and low labor is still important to contribute to its efficiency. d in China over the same time period. While the technical efficiency compares the different production units in a single time period, the productivity change represents the shifting level of the productivity in two different time periods. As mentioned earlier, in this analysis, the productivity growth is derived from four directional distance functions in the two time periods, s and s + 1. Here, we divide the productivities into the group-productivity change by the group-frontier, and the meta-productivity change by the meta-frontier, and the productivity gap between the two productivities.
The annual group-productivity of the whole China shows 1.014 indicating that it has gradually improved at a rate of 1.4 percent on average over the same period. In terms of the group-productivity, the western region shows the highest level among the three regions since the annual productivity of the western is 1.018 while those of the eastern and the central are 1.015 and 1.003, respecttively. However, the annual meta-productivity of the whole China shows 0.995 indicating that it has gradually declined at a rate of 0.05 percent on average over the same period, dropping sharply compared to the groupproductivity. Based on the meta-productivity, the eastern is the only one region to show the productivity improvement among the three regions since the eastern region is 1.016 while the central region and the western region are 0.979 and 0.988, respectively. It implies that the eastern region has contributed to the rapid expansion of the frontier annually, while in both other regions they havenot. Taking a closer look at each region, almost all provinces in the eastern region showed productivity growth. These are the same provinces in this area with respect to both the group-productivity and meta-productivity as shown by the productivity gap of at least, 1.000, indicating that the group-productivity change in the eastern region is the exactly same with (or higher than) that of the metafrontier.
In the central region, Jilin, Heilongjiang, and Shanxi represent productivity growth under group-frontier, while the productivity of these provinces drops sharply regarding the meta-frontier. Whereas most of the provinces in the western region show productivity growth with respect to group-productivity, the productivity of these provinces is relatively low regarding the meta-productivity. However, several provinces such as Inner Mongolia, Ningxia, Xinjiang, and Qinghai still show the productivity growth, in terms of meta-productivity. The interesting thing is that Inner Mongolia represents the highest level of productivity among thirty one provinces, even regarding the meta-frontier. We believe that this is because the western region, especially, Inner Mongolia has become a hot investment spot since the Chinese government has invested huge money on "the Development of Western China" 3 .
As far as MPG is concerned, however, Inner Mongolia shows productivity decline as shown by the Malmquist productivity gap of 0.951. Whereas all provinces in the eastern region represent productivity growth as shown by the Malmquist productivity gap of, at least 1.000, almost all provinces in the western region represent productivity decline despite showing productivity growth with respect to the meta-productivity in half of the region.
As stated above, Malmquist Productivity (MP) index allows us to identify if its productivity change comes from efficiency change or technical change. In other words, we can check whether the productivity change originates from the progress of new technology (technical change) or the utilization of the old technology (efficiency change). Table 2 also shows the decompositions of MP and MMP into technical change and efficiency change of the three regions in China, respectively.
With respect to the group-productivity of the whole China is 1.014, decomposed into TC (1.017) and EC (0.997), implying that the productivity growth at the rate of 1.4 percent comes from the technical change rather than the efficiency change. By happenstance, the technical change is a main factor in all three regions. The results of this study are similar to those of Park, et al. On the other hand, the productivity of the whole China is 0.995, decomposed into TC (1.005) and EC (0.990) with respect to the meta-productivity. It means that the productivity decline at the rate of 0.05 percent of the whole China comes from the efficiency change rather than the technical change, regarding the meta-productivity.
In the case of the eastern region, the technical change is a main component to the productivity growth since the technical change (1.024) is higher than the efficiency change (0.993). Meanwhile, it is hard to say that the efficiency change is a main factor of the productivity decline in the central area exactly since the efficiency change score is very similar with the technical change score. 3 In 2000 China started a develop-the-west campaign. The 10 newlylaunched major projects, the five key projects in preparation, and the 78 ongoing large and medium-sized projects have made the western region a hot investment spot. According to statistics, in 2000 the capital construction investment in western China was a dozen of percentage points higher than that of eastern China. Starting from 2001 the Chinese government has offered preferential policies to the western region in terms of capital input, investment environment, internal and external opening-up, development of science and education, and human resources. At the same time, additional 12 key projects have been launched. The Chinese government is working out an overall plan for the development of the western region and has formulated a sequence of preferential policies and measures for encouraging foreign business-people to make investment there (http://www.china.org.cn) [36] . This is because although the technical change ratio has increased, the efficiency change ratio has decreased in this region as time goes by.
Consequently, regarding the meta-frontier, the productivity declines in the central and western regions have been mainly led by the drop on the efficiency change rather than by the technical change. This might be explained by the fact that the eastern region has received the benefits from utilizing of FDIs, investment of R&D (Research and Development), geographically suitable infrastructures, well-trained and hard-working human capital, and consistent government support since China's active reform and opening-up. Thus, it suggests that, in order to shrink the gap between the eastern and the other regions, the provinces in central and western regions should pay attention to not only generate capacity for FDIs, R&D and decent infrastructures of transportation and logistics, but also to facilitate an abundant welltrained labor force. In addition, government support available to business, including advice, financial support, government-sponsored industrial promotion and networks for innovation and R&D can help make those regions more competitive. We also see that there exists a possibility to overestimate of the group-productivities, giving wrong information and distort a reality, especially to policy makers.
Conclusions
In this study, we empirically investigated the grouptechnical efficiencies, the meta-technical efficiencies, and the productivity changes and the meta-productivity changes in thirty one provinces in three regions of China for 1995 through 2008, adopting meta-frontier model. In addition, we decompose the productivity into the technical progress change and technical efficiency change in order to examine the determinants of these changes. Here are our findings from this analysis: Firstly, regarding the meta-frontier, the eastern region shows the highest levels in terms of productivity as well as technical efficiency among the three regions. This indicates that the frontier of the technical efficiency and the productivity in the eastern region is closer to the meta-frontier, and the remainders are farther away from the meta-frontier, implying that the eastern region has contributed to the rapid expansion of the frontier annually, while in both other regions they have not. Although the provinces in the central region are outstanding in terms of the relative technical efficiency under the group-frontier, the technical efficiency decreases a lot under the meta-frontier that integrates the entire three regions. Hence, with respect to the group-frontier, it can lead to distorted estimates of efficiency scores. Meanwhile, the mean efficiency of the western region is particularly low. It suggests that this area needs not only to facilitate knowledge diffusion within region but also to adopt the advanced technology from other regions, especially from the eastern area in order to improve its efficiency score and reduce technology gap. Economic and technological cooperation and joint development between two regions also need to be strengthened.
Secondly, with respect to the meta-productivity change, the productivity declines in the central and western regions have been mainly led by the drop on the efficiency change rather than by the technical change while the productivity growth in the eastern region has been led by the technical change. This might be explained by the fact that the eastern region has received the benefits from utilizing of FDIs, investment of R&D, geographically suitable infrastructures, well-trained human capital, and consistent government support since China's active reform and opening-up. It suggests that provinces in the central and western regions need to not only generate capacity for FDIs, R&D, and decent infrastructures of transportation and logistics, but also to seek an abundant well-trained labor force. In addition, government support available to business, including advice, financial support, government-sponsored industrial promotion and networks for innovation and R&D can help make those regions more competitive.
Lastly, apart from the general traditional frontier methodology, we apply the meta-frontier to our analysis and find a very important fact that there exists a differrence between the group-frontiers and the meta-frontiers by applying the meta-frontier; the meta-frontier is lower than the group-frontier. Since the circumstances includeing technology, human capital, natural endowment, economic policies, and government expenditure in each region are quite different to each other, the traditional efficiencies (productivities) under different production frontiers may not be comparable among these heterogeneous groups. It implies that ignoring the variation across the groups could lead to biased estimates of the production frontier, and thus it could mislead policy implications.
